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Effects of Gear Modifications on the 
Trawl Performance and Catching Efficiency of the 
West Coast Upper Continental Slope Groundfish Survey Trawl 


ROBERT R.LAUTH, STEPHEN E. SYRJALA, and SCOTT W. McENTIRE 


Introduction 


Bottom trawl surveys are an impor- 
tant source of fishery-independent data 
for assessing, monitoring, and manag- 
ing groundfish populations. NOAA’s 
National Marine Fisheries Service 
(NMES) has been conducting ground- 
fish bottom trawl surveys along the west 
coast continental shelf for more than 30 
years (Dark and Wilkins, 1994). It was 
not until 1984 that the Resource Assess- 
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ABSTRACT—Since 1984, annual bottom 
trawl surveys of the west coast (California 
Washington) upper continental slope 
(WCUCS) have provided information on the 
abundance, distribution, and biological 
characteristics of groundfish resources. 
Slope species of the de ep-water ¢ omplex 
(DWC) are of particular importance and 
include Dover sole, Microstomus pacificus; 
sablefish, Anoplopoma fimbria; shortspine 
thornvhead, Sebastolobus alascanus; and 
longspine thornyhead, S. altivelis. In the fall 
of 1994, we conducted an experimental gear 
research cruise in lieu of our normal sur- 
vey because of concerns about the pe rio 
mance of the survey trawl. The experiment 
was conducted on a soft mud bottom at 
depths of 460-490 m off the central Oregon 
coast. Treatments included different com- 
binations of door-bridle rigging, eround 
gear weight, and scope length. The experi- 
mental design was a 2 x 2 x 2 factorial 
within a randomized complete-block. Analy- 
sis of variance was used to examine the ef- 
fects of gear modifications on the engineer- 
ing performance of the trawl (i.e. trawl di- 
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ment and Conservation Engineering 
(RACE) Division of the NMFS Alaska 
Fisheries Science Center (AFSC), 
tiated a pilot groundfish bottom trawl 
survey of the upper continental slope 
(Raymore and Weinberg, 1990). Com- 


ini- 


pared to the shelf, the west coast upper 
continental slope (WCUCS) is a chal- 
lenging environment in which to do a 
trawl survey because of the extreme 
depths (183—1,280 m), steep and irregu- 
lar bathymetry, submarine canyons, and 
muddy bottom. The survey was moti- 
vated by the need for information on the 
commercially important species inhab- 
iting the slope region. These species, 
referred to as the deep-water complex 


variation in trawl dimensions, 
and door attitude) and to determine if catch 
rates in terms of weight and number of DWC 
species and invertebrates were affected by 
the gear modifications. Trawl performance 
was highly variable for the historically used 
standard trawl configuration. Improvements 
were observed with the addition of either a 
2-bridle door or lighter ground gear. 
Changes in scope length had relatively littl 
effect on trawl performance. The interac- 
tion of door bridle and ground gear weight 
had the most effect on trawl performance. 
In spite of the standard trawl’s erratic per 

formance, catch rates of all four DWC spe- 
cies and invertebrates were not significant, 
different than the 2-bridle/heavy combina 

tion, which did the best in terms of engi 

neering performance. The most important 
factor affecting DWC catch rates was 
ground gear. Scope length and the type of 
door bridle had little effect on DWC catch 
rates. Subsequent revisions to survey gear 
and towing protocol and their impact on the 
continuity of the slope survey time series are 
discusse d. 


MENSLONS 


(DWC), include Dover sole, Microsto- 
mus pacificus, sablefish, Anoplopoma 
fimbria; shortspine thornyhead, Sebas- 
tolobus alascanus; and longspine 
thornyhead, S. altivelis. Starting in 
1988, the WCUCS groundfish bottom- 
trawl surveys were done on an annual 
basis (Parks et al., 1993; Lauth et al., 
1997; Lauth, 1997a, b). The NOAA ship 
Miller Freeman, a 66 m stern trawler, 
has been the principal vessel for con- 
ducting these surveys. The spatial cov- 
erage of annual surveys has varied. In 
1997, the entire west coast, from Point 
Conception, Calif. (lat. 34°30'N) to the 
U.S.—Canada border, was surveyed 
WCUCS groundfish bottom trawl sur 
veys prior to 1997 were limited to only 
sections of the west coast, so it was nec- 
essary to combine several years of sur- 
vey data in order to obtain a coastwide 
synoptic view of the DWC 

Data from the WCUCS surveys are 
used to estimate biomass, generate data 
on the length and age composition, and 
to describe other biological character- 
istics of slope groundfish species. West 
coast stock assessment scientists rely 
heavily on survey data as input into 
groundfish stock assessment models 
(Jacobson, 1990, 1991; Methot, 1992, 
1994; Turnock and Methot, 1992: 
lanelli et al., 1994; Turnock et al., 1994; 
Brodziak et al., 1997; Crone et al., 1997; 
Rogers et al., 1997). Stock assessments 
based on these survey results are used 
by fishery managers and the Pacific 
Fishery Management Council to estab- 
lish annual harvest guidelines for the 
DWC. Maintaining a time series as a 





representative measure of relative abun- 
dance of the DWC species requires that 
a consistent sampling tool and standard- 
ized sampling methods be used during 
trawl surveys. The validity of the slope 
time series was challenged in 1993 
when a representative of the fishing in- 
dustry, invited to participate on the sur- 
vey cruise, observed inconsistencies 
with the design and operation of the 
survey trawl. It was brought to our at- 
tention that the doors were sometimes 
falling over onto their bails and that the 
ground gear was digging very hard into 
the mud causing the net dimensions to 
decrease or oscillate during a tow. 
Following the 1993 survey, RACE 
scientists, with input from the fishing 
industry and net manufacturers, reevalu- 
ated the design and operation of the 
survey trawl. It was concluded that steps 
should be taken to improve the standard 
survey trawl’s performance and, conse- 
quently, the credibility of the survey. 
The fact that the survey trawl was not 
operating to engineering specifications 
raised questions similar to those dis- 
cussed by Carrothers (1981) and Walsh 
et al. (1993) about potential sources of 
bias and variability in resource assess- 
ment trawl survey data. If it was the aim 
of a resource assessment survey to con- 
trol variability and eliminate possible 
bias from the time series, it followed 
that the survey trawl should perform as it 
was designed and in a consistent manner. 
Before we could improve trawl per- 
formance, we had to learn what was 
causing it to behave the way it did. A 
comparative gear experiment was done 
in 1994 to test the effects of selected 
gear modifications on standard survey 
trawl performance. The term “trawl per- 
formance” as used herein refers to the 
performance of the trawl from an engi- 
neering perspective and has nothing to 
do per se with how the trawl catches 
fish. Trawl dimensions (net width, door 
spread, and net height), variation in 
trawl! dimensions, door attitude, and 
bottom contact of the ground gear were 
the factors used to assess trawl perfor- 
mance. We wanted to know how gear 
changes affected various aspects of 
trawl performance. The experiment in- 
volved testing two methods of door rig- 
ging, two types of ground gear, and two 


scope lengths: a total of eight gear con- 
figurations. These were chosen because 
they were relatively simple modifications 
that had potential for improving the engi- 
neering performance of the survey trawl. 
Also implemented was a more accurate 
and precise method for determining the 
amount of wire payed out and a more stan- 
dardized method for controlling winches 
after brakeset. Analysis of variance 
(ANOVA) was used to evaluate the effects 
of gear modifications on trawl dimensions 
and door pitch and roll angles. The null 
hypotheses tested were that trawl perfor- 
mance factors measured were not affected 
by the three gear modifications examined 
or their interactions. 

An inevitable outcome of the trawl 
performance part of this gear experi- 
ment was to incorporate modifications 
that improved trawl performance into 
future surveys. However, making modi- 
fications to a survey sampling trawl is 
not a trivial matter. Modifications may 
change the trawl’s catching efficiency, 
introduce a new bias, and thereby com- 
promise the continuity of the time se- 
ries used for doing stock assessments. 
Therefore, we wanted to see how catch 
rates varied for each DWC species 
among all combinations of the three 
gear modifications. Since we were 
likely to chose the treatment with the 
“best” trawl performance as a new stan- 
dard, we also wanted to compare catch 
rates for the various trawl configura- 
tions with the old standard WCUCS 
survey trawl. To test whether the gear 
modifications had a significant effect on 
catch rates, ANOVA was again used. 
This time, however, the ANOVA was 
done using the within-block ranks of the 
catch rates, both in terms of weight and 
number, for each DWC species. The 
effects of gear changes on catch rates 
of invertebrates were also analyzed, 
since invertebrates are passive in re- 
sponse to a moving trawl and are an- 
other indicator of changes to the trawl’s 
catching efficiency. Ultimately, the 
WCUCS survey trawl and sampling 
protocol were modified, and there were 
changes in addition to what was judged 
“best” in this experiment. In the discus- 
sion, we compare the original standard 
survey trawl and towing protocols with 
the new standard trawl and procedures 


implemented beginning with the 1995 
WCUCS survey. The relevance of these 
differences to the continuity of the slope 
survey time series is also discussed. 


Methods 


Research was conducted aboard the 
NOAA ship Miller Freeman between 30 
October and 13 November 1994. The 
study area lies off the Oregon coast be- 
tween lat. 45°05' and 45°36' N (Fig. 1), 
and depths within the sampling area 
ranged from 460 to 490 m. The bottom 
in the study area is flat or gently slop- 
ing, composed of soft mud, free of rocky 
reefs or obstructions, and was generally 
typical of areas sampled during the 
WCUCS survey. 

As indicated previously, the study 
was conducted with the same trawl used 
for the slope surveys. The trawl, de- 
scribed by Lauth et al. (1997), was a 
high-opening 4-seam “Nor’eastern” 
trawl constructed of polyethylene mesh. 
The standard ground gear used 8-inch 
rubber disks strung on a 13 mm long- 
link chain attached to a 13 mm long- 
link chain fishing line. The total dry 
weight of the standard ground gear with 
fishing line was about 1,590 kg. The 
trawl doors used on the survey are 1.8 
x 2.7 m V-doors weighing 1,000 kg each. 
A single bridle, consisting of a pair of 
3.05 m, 13 mm long-link chains, joined 
each door’s aft pad eyes to the transfer 
line. The trawl wire on the Miller Free- 
man is 25 mm in diameter with a 
swedged wire core weighing 3 kg/m. 
Trawl warp lengths of 930 m were used 
with the standard slope trawl based on 
scope tables from the 1988-93 WCUCS 
surveys for a target depth of 465 m. 

We suspected one cause of the trawl’s 
poor performance was that the heavy 
ground gear was digging too hard into 
the soft mud seafloor resulting in ex- 
cessive drag and the net loading up with 
mud. We chose as one modification to 
reduce the dry weight of the ground gear 
by 270 kg. This was done by: 1) replac- 
ing the long-link chain running through 
the rubber disks with 19 mm cable, 2) 
removing the chain fishing line, and 3) 
attaching the ground gear directly to the 
footrope without toggles. Wire clamps 
were used instead of toggles to hold 
sections of the rubber cookies in place. 
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Figure |.—Location of the 1994 west coast upper continental slope groundfish bottom traw! experiment 


speed of 3.7 km/h (2 knots). In the case 


Another concern was the weight of lished that an average of 617 m of wire 
of our standard trawl, which used 930 m 


the trawl warps. Data collected at the was needed for the net to settle at a 
beginning of this experiment estab- depth of 465 m at our standard towing — of wire at that depth, the 300+ m of ex- 
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tra trawl wire was perhaps causing the 
doors to be unstable or possibly to fall 
over at slow towing speeds. As a com- 
promise, a shorter scope of 767 m 
(617 m+ 150 m) was chosen as a second 
modification for this experiment. This 
was sufficient wire to ensure that the net 
would not rise off the bottom with nor- 
mal variations in sea conditions and 
vessel speed. 

There were also indications from sur- 
vey gear mensuration data and test-tank 
observations (Rose') that doors with a 
single bridle were unstable and some- 
times fell over at a 3.7 km/h towing 
speed. Many west coast fishermen use 
an additional forward bridle attachment 
to help stabilize the door at towing 
speeds less than 4 km/h. Consequently, 
it was decided to use the 2-bridle attach- 
ment as the third gear modification. The 


2-bridle attachment has two pairs of 


13 mm long-link chain, with 33 links 
leading from the forward, and 22 links 
from the aft pad eyes. To check the angle 
of the door relative to the ground (angle 
of attack), the doors were suspended by 
the bridle chains using a forklift and the 
angle was measured using an inclinom- 
eter. The door angle measured 40° be- 
fore and after the cruise. 

There were some aspects of the trawl- 
ing procedure that were not well stan- 
dardized for the 1988-93 surveys and 
had to be corrected prior to conducting 
the experiment. Especially important 
was the variability found during tests 
made after the 1993 survey in the per- 
formance of the ship’s Rapp-Hydema?’ 
winch system. Because of inconsisten- 
cies in its two main functions (i.e. warp 
metering and pressure adjustment/bal- 
ance on the warps), these functions were 
not used during the experiment. Instead, 
metering was accomplished by mark- 
ing the warps and, rather than using the 
system’s autotrawl function, winch 
brakes were set for the duration of each 
tow. 

The experimental design used in this 
experiment was a 2 x 2 x 2 factorial 


Rose, Craig. NMFS Alaska Fisheries Science 
Center, Seattle, Wash. Personal commun., June 
1994, 

* Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser 
vice, NOAA. 


within a randomized complete-block 
design. Twelve blocks were used with 
a total of 96 successful trawls. Within 
each block, each of the eight combina- 
tions of gear modifications (Table 1) 
was fished in a random order. Each 
block was completed before the next 
block was begun. The work was facili- 
tated by the use of a dual net reel that 
held two trawls: one with “heavy” 
ground gear and one with “light” ground 
gear. 

Sampling was done on a 24-h basis. 
Several electronic instruments were at- 
tached to the trawl to monitor its per- 
formance. ASCANMAR acoustic sen- 
sor was used to measure net height; that 
is, the distance from the center of the 
headrope to the bottom. SCANMAR 
sensors were also used to measure net 
width (distance between upper wing 
tips) and the distance between the doors. 
Also attached to the headrope were a 
Branker XL-200 data logger for mea- 
suring depth and temperature and a 
Furuno acoustic link netsounder for 
observing net height and the approxi- 
mate position of the ground gear rela- 
tive to the bottom. Tilt sensors were 
used for measuring door pitch and roll 
angles. They were attached to the back- 
side middle of each door. Since the door 
tilt sensors were only capable of record- 
ing angles within a 90° arc, they were 
mounted in a way that allowed measure- 
ments of up to 45° on either side of the 
door’s vertical axis. A bottom contact 
sensor was used to detect if the ground 
gear was in contact with the bottom. It 
was mounted on a triangular metal 
frame attached to the footrope where the 
lower breastline of the wing attaches to 
the footrope. 


Table 1.—The 8 combinations (treatments) of gear 
modifications used for the 1994 west coast upper con- 
tinental slope trawl survey gear experiment. 


Bridie 
(1 or 2) 


Ground gear 
(Heavy or light) 


Scope’ 
Treatment (Long or short) 
I 

it 
tl 
IV 
Vv 
vi 
vil 
Vill 


Heavy 
Heavy 
Light 
Light 
Heavy 
Heavy 
Light 
Light 


Long 
Short 
Long 
Short 
Long 
Short 
Long 
Short 


NMNNMNy =a == = 
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' 930 m is the “long” and 767 m is the “short” “scope 
1-bridle door/heavy ground gear is the standard survey 
trawl 


Scientists, officers, and deck crew 
worked together to standardize fishing 
procedures. A scientist familiar with 
trawling was always present in the trawl 
house during fishing operations to 


monitor adherence to standardized pro- 
tocols. Also, AFSC gear experts partici- 
pated in the cruise to ensure that the 
trawl gear and associated rigging were 
properly maintained. Vessel speed while 
the trawl was being set was between 5.5 
and 6.5 km/h. Vessel speed gradually 
decreased to 3.7 km/h at brakeset and 
this speed was maintained as closely as 
possible throughout each haul. The tar- 
get duration of a trawl sample was 30 
minutes. A haul began when the ground 
gear first touched bottom and ended 
when it lost contact with the bottom. 
The Furuno netsounder was used to 
monitor ground-gear contact during a 
haul, but actual bottom time was fig- 
ured using the bottom contact sensor 
times after trawling was completed. If 
the gear was damaged or the trawl hung 
up, the haul was considered unsatisfac- 
tory and it was repeated in a different 
part of the study area. During the ex- 
periment, a new site was found for each 
trawl haul. Position data were collected 
at 6-sec intervals for each haul using a 
Global Positioning System (GPS) re- 
ceiver. The position data were used to 
monitor ground speed, track the trawl’s 
path, and estimate distance fished. Av- 
erage speed of the vessel over ground 
and distance fished were calculated 
from the position data and the trawl’s 
actual bottom time. 

Gear performance was compared us- 
ing data from the SCANMAR mensu- 
ration system and the bottom contact 
and door sensors. Samples of the catch 
from each haul were sorted to the low- 
est possible taxon, weighed, measured, 
and counted. Catch data were standard- 
ized by area swept (km*). Area swept 
was Calculated by multiplying the av- 
erage net width by distance fished. 

Analysis of variance was used to ex- 
amine the effect of gear modifications 
on the engineering performance of the 
trawl (i.e. trawl dimensions, variation 
in trawl dimensions, and door attitude) 
and to determine if catch rates in terms 
of weight and number of each DWC 
species and invertebrates were affected 
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by the gear modifications (Table 2). The 
independent, discrete variables in the 
DOOR, SCOPE, 
\R. and their two- and 


analysis were 
GROUND GI 
three-way interactions. The dependent 
\NOVA included 
the trawl performance data and the catch 
per unit effort (CPUE) for the DWC 
species and invertebrates. But the de 
pendent variable CPUE data did not 
satisfy the ANOVA assumptions of not 
mality and homoscedasticity. Conover 
(1980 


variables used in the 


337) presents one approach tor 
dealing with this situation: that of rank 
ing the dependent observations and then 
performing the usual parametric analy 


sis on the nonparametric rank-trans- 
tf 


formed data. He states that when the 
results of analyses on both untrans 
formed and rank transformed data dit 
fer substantially, “the analysis on ranks 
is probably more accurate than the 
analysis on the (untransformed) data 


and should | 


ye preferred.” To compen 

differences among the blocks 
due to environmental factors, proce 
dural variability, and other unknown 
sources of variation, each dependent 
variable value was assigned a rank from 
1 to 8 within its block 
all factors and interactions in the 
ANOVA model using ranked data are 


\fter the statistically signifi 


Fest results ol 


reported 
cant effects were identified using ranked 
data (P < 

peated using the unranked data with the 
block effect added in the model. This 


was done to obtain a measure of the ef 


0.05), the analysis was re 


{ 1 


fect on catch rates due to the signifi- 


cant variables 


Table 2.—List of variables included in analysis of vari- 
ance (ANOVA) of trawl performance and trawl catch 
Traw! catch rates were assigned ranks from 1 to 8 
within each block 
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Results 


General Description 
of Trawl Performance 


The performance of the standard 
trawl configuration (1-bridle/heavy) 
was highly variable: this was true for 
both long and short scopes (Fig. 2, 3) 
The |-bridle/heavy treatment was the 
most variable of the 8 combinations. Net 
widths for these treatments would com 
monly bounce between 8 m and 20 m, 


and door bails often came up with mud 


on them indicating that doors fell over 


during some tows. During some of the 
tows the trawl closed down to about 8 m 
and stayed at that width for the rest of 
the tow. 

Traw! performance was more stable 
with the addition of either the 2-bridle 
door (Fig. 6-9) or the light ground gear 
(Fig. 4, 5. 8, and 9) regardless of scope 
length. There was relatively little vari 
ability in gear dimensions for the 
bridle door/light ground gear combina 
tion. The lighter ground gear appeared 
to reduce drag and put less strain on the 
doors as indicated by reduced pitch and 
roll angles (Table 3). A negative aspect 
of the 2-bridle door and light ground- 
gear combination was its apparently 
poor bottom contact. This is evident 
from the sporadic increases in net height 
in many hauls (Fig. 8,9), and in the data 
1Q). 


Average door pitch and roll angle 


on bottom contact (Fig 


data (Table 3) were obtained for most 
hauls. The average roll angle for the 
standard trawl (1-bridle/heavy) ranged 
from 33.1° to 37.1° towards the bail side 
of the door. However, these average 
angles were artificially low because the 
door tlt sensors did not record angles 
exceeding 45°. Mud present on the door 
bails, as well as the variability observed 
in the plots of net dimensions, suggest 
that the doors were falling over during 
hauls with the standard trawl configu- 
ration. The mean door roll angle for the 
2-bridle/heavy combination was less 
than that for the |-bridle/heavy and 
ranged from 23.0° to 28.7°. There was 
no evidence that doors used with the 2- 
bridle/heavy combination fell over. 
With the light ground gear, door roll 
angles were much less than with the 
heavy gear for both the |-bridle and 2- 


bridle doors. Mean angles for the light 
ground gear ranged from 8.8 


the bail side to 5.4 


toward 
toward the bridle 
side 

Door pitch angles also varied among 
the types of gear modification (Table 3) 
bridle 


he 2-bridle door 


Average pitch angles for the | 
door were less than t 

for all treatments. The average pitch 
angle for the 2-bridle door ranged from 
14.4° to 16.9 


constant 


and it remained relatively 


scope ol 


with changes in 
ground gear. The average pitch angle for 
the 1-bridle door ranged from 1.0° to 
13°. Unlike the 2-bridle door, average 
pitch angle decreased considerably with 
the use of the light ground gear. Ranges 
decreased from 9° to 13 | 
bridle/heavy to 1.0° to 5.5 
Like the 


scope length had little 


for the I- 
bridle/light bridle door, 
effect on aver 
age pitch angle 

Bottom contact of the ground gear 
was another means of assessing trawl 
performance. Bottom contact data were 
obtained for 81 hauls (Fig. 10). The 
bottom contact sensor only measured 
the occurrence of contact and not the 
degree or angle of contact. In general, 
contact was acceptable for all the com 
binations of gear modifications except 
the 2-bridle/light/long and 2-bridle 
light/short. With these two combina 
tions, the ground gear frequently lost 
contact with the bottom. As indicated 
previously, the variable bottom contact 
for the 2-bridle/ light combination can 
also be seen in Figures 8 and 9 where 
net height suddenly increases as a re 
sult of the net lifting off bottom. Close 
comparison of the graphs in Figure 10 
with those in Figures 8 and 9 shows the 
correspondence between loss of bottom 


contact and increases in net height. 
Trawl Performance ANOVA 


The overall means, ranges, and stan 
dard deviations of the dependent variables 
included in the ANOVA are listed in Table 
4 and the statistical results are shown in 
Table 5. The ANOVA of trawl perfor- 
mance data corroborates what was pre- 
sented in the section describing general 
trawl performance. The most important 
factor affecting trawl performance was the 
interaction between the door bridle and 
ground gear (Table 5). The DOOR 
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Figure 2—SCANMAR net height, net width, and door spread during the course of each tow for the |-bridle-heavy-long gear 


treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 3.—SCANMAR net height, net width, and door spread during the course of each tow for the |-bridle-heavy-short gear 
treatment (m=average, s=standard deviation, n=number of observations). 
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treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 5—-SCANMAR net height, net width, and door spread during the course of each tow for the |-bridle-light-short gear 
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Figure 6.—SCANMAR net height, net width, and door spread during the course of each tow for the 2-bridle-heavy-long gear 
treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 7.—SCANMAR net height, net width, and door spread during the course of each tow for the 2-bridle-heavy-short gear 
treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 8—SCANMAR net height, net width, and door spread during the course of each tow for the 2-bridle-light-long gear 
treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 9—SCANMAR net height, net width, and door spread during the course of each tow 
treatment (m=average, s=standard deviation, n=number of observations). 
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Figure 10.—Bottom contact during the course of each experimental tow grouped by gear treatment. 
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GROUND GEAR interaction was highly 
significant for all of the trawl performance 


variables. This means that the effect of 


ground gear was different depending on 
which door was used and vice versa. 
Average net width and door spread 


were wider with the light ground gear 


when using the |-bridle door (Fig. 11). 
The opposite was true for the 2-bridle 
door. Similarly, the average net width 


and door spread were wider with the 2- 
bridle door when using the heavy 
ground gear but the converse was true 
for the light ground gear. The DOOR x 
GROUND GEAR interaction for aver- 
age net height was the inverse of aver- 
age net width and door spread. 

The standard deviation of net width, 
net height, and door spread all had a 
similar DOOR x GROUND GEAR in- 


Table 3.—Average port and starboard roll and pitch-angle data by tow and by treatment. Positive roll angles 
indicate roll toward the bail-side of the door and positive pitch angles indicate that the front end is elevated 


relative to rear. 
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teraction (Fig. 12). Trawl dimensions 
were more variable for the heavier 
ground gear when combined with the 
1-bridle door. Compare this to the 2- 
bridle door, which had no difference 
between the two ground gear treat- 
ments. The |-bridle door also had more 
variable trawl dimensions than the 2- 
bridle door, but only when using the 
heavy ground gear. 

Both types of doors had greater pitch 
angles with the heavy ground gear (Fig. 
13), and the 2-bridle door had greater 
pitch angles with either ground gear 
compared to the 1-bridle door. Roll angles 
were also greater with the heavy ground 
gear and the |-bridle door roll angle was 
greater than the 2-bridle door with the 
heavy ground gear. There was not as much 
difference between the two door bridles 
when the light ground gear was used. 

Scope was a significant main effect 
for average net width, average net 
height, and the door roll angle (Fig. 11, 
13). Average net widths and port and star- 
board roll angles increased and average 
net height decreased with shorter scope. 


Traw! Catch ANOVA 


Tables 6 and 7 list the unranked num- 
ber and weight CPUE data by DWC 
species and by haul and also give the 
mean and standard deviation by treatment. 

The most important factor affecting 
trawl catches was the discrete variable 
GROUND GEAR (Table 8). Catch rates 
for all the DWC species and the inver- 
tebrates were significantly higher in 
terms of weight and number with the 
heavier ground gear (Fig. 14-18). 

The scope length had an effect on 
longspine thornyhead ranked number 
CPUE and invertebrate ranked weight 


Table 4.—Means, ranges, and standard deviations of 
variables used in analysis of variance to test the ef- 
fects of gear modifications on trawl performance. 


Range 
Variable an Min Max 


Average door spread (m) 63.2 
Average net width (m) 16 : 18.8 
Average net height (m) 62 10.1 
S.D. door spread (m) § 1 17.4 
S.D. net width (m) 1.1 ) 3.4 
S.D. net height (m) 1.5 
Port roll angle (deg.) 2 5 37.1 
Port pitch angle (deg. ) 10.$ 16.6 
Starboard roll angle (deg.) 7 1 35.2 
Starboard pitch angle (deg.) 16.9 4.65 





CPUE. Catch rates were higher in both 
cases with the long scope. Table 9 lists 
the cumulative weight of all major in- 
vertebrates from all hauls combined in 
descending order of abundance. The 
five most common invertebrates in trawl 
catches were unidentified sea anemo- 
nes (order Actiniaria), the orange-pink 
sea urchin, Allocentrotus fragilis; 
Psiliaster pectinatus; clay-pipe sponge, 
Aphrocallistes vastus; and Myxoderma 
platyacanthum rhomaleum. 

The only instance where the DOOR 
x SCOPE interaction was significant 
was for shortspine thornyhead ranked 
weight CPUE. Shortspine thornyhead 
had higher catches for the 2-bridle/short 


compared to the 1|-bridle/short treat- 
ment (Fig. 17). Differences between the 
1-bridle/long and short, 2-bridle/long 
and short, and between the |-bridle/long 
and 2-bridle/long treatments were not 
remarkable. 

Dover sole ranked number CPUE had 
a significant DOOR x GROUND 
GEAR interaction. Catches were sig- 
nificantly higher with the heavy ground 
gear when using the |-bridle but not the 
2-bridle door. The |-bridle/heavy treat- 
ment also caught significantly more 
Dover sole than the 2-bridle/heavy treat- 
ment but the same was not true for the 
light ground gear. In all other cases, the 
DOOR effect and all other interaction 


Table 5.—Results of ANOVA testing the effects of gear modifications on trawl performance. 


Pp. 


Door 

Door « Grou 
Scope x Ground gea 1 0.08 53 0.12 
Door x Scope 1 ).00 ).1 0.75 
Residual error 7 


<0.0001 


Deg 
free- Mean F- P 
dom square Statistic Value 


terms were not significant at a level of 
a= 0,05. 


Discussion and Summary 


The primary objective of the gear 
experiment was to learn about the be- 
havior of the standard survey trawl and 
to use this information as a basis for 
recommending changes to the trawl and 
associated fishing procedures. Based on 
the results, we rejected the null hypoth- 
esis that trawl performance was equal 
among all combinations of the three 
gear modifications. The experiment 
showed that variability in trawl dimen- 
sions decreased after modifications to 
the door bridle attachment and ground 
gear weight. Of the eight combinations 
of gear modifications, there was no 
doubt that, regardless of scope length, 
the 2-bridle/heavy and the |-bridle/light 
had the most consistent performance. 
Net dimensions remained steady, door 
roll and pitch decreased, and the doors 
did not fall over onto the bottom. The 
poorest performing configuration was 
the standard trawl (1-bridle/heavy) 
which behaved inconsistently with ei- 
ther scope length; that is, door spread 
and net width oscillated significantly 
and the doors frequently fell over. In 
spite of the standard trawl’s erratic per- 
formance, catch rates of all four DWC 
species and invertebrates were not sig- 
nificantly different than the 2-bridle/ 
heavy combinations, which did the best 
in terms of engineering performance. 
These results support the thesis that 
catch rates for the standard trawl and 
the 2-bridle/heavy are the same. All 
combinations with the light ground gear 
performed well, but bottom contact was 
poor with the 2-bridle door and catch 
rates were significantly lower for all 
DWC species and invertebrates. This ex- 
periment clearly showed that reducing the 
weight of the ground gear affected the 
capturing efficiency of the trawl. 

Physical differences between the two 
ground gears we compared were minor 
except for a 270 kg difference in dry 
weight. Yet we observed a major differ- 
ence in how each of the two ground 
gears tended bottom and caught fish. 
Poor bottom contact of the 2-bridle/light 
treatment was obvious, and escapement 
under the ground gear may be one rea- 
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Figure 1 1.—Results of ANOVA to test the effects of the gear treatments and their interactions on the means of door spread, net 
width, and net height. Statistically significant effects (P<0.05) are with uppercase letters. 


son for its lower catch rates. We did not than with the heavy ground gear, allow- _ between the ground gear and bottom or 
detect the ground gear rising off bot- ing more fish escapement. between the ground gear and footrope. 
tom during the |-bridle/light treatments, The most obvious and direct way fish The size of those gaps depends on trawl 
but the contact may have been lighter escape trawl capture is through gaps dimensions, bottom contact, and the 
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length of drop chains connecting the 
ground gear to the footrope. Canadian, 
European, and U.S. researchers have 
attempted to estimate fish escapement 
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beneath trawls by using a series of trawl 
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Figure 12.—Results of ANOVA to test the effects of the gear treatments and their 
interactions on the standard deviations of door spread, net width, and net height. 
Statistically significant effects (P<0.05) are with uppercase letters. 


1992; Munro et al., 1997; Weinberg and 
Munro*). Escapement greater than 50% 
for some groundfish species has been 
observed (Engas and Godg, 1989; 
Dahm and Wienbeck, 1992; God@ and 
Walsh, 1992; Walsh 1992). 

Engas et al. (1988) compared the ef- 
fects of two very different types of 
ground gear on a Norwegian survey 
trawl and found that the rockhopper 
ground gear caught haddock and small 
cod more effectively than a trawl with 
bobbins. Different visual or acoustic 
signals produced by the two ground gear 
types may also affect catching effi- 
ciency. Main and Sangster (1983) stud- 
ied the effects of light and heavy ground 
gear on a North Sea trawl. Divers made 
direct observations comparing heavier 
bobbin roller gear and light “grass” 
ground gear and found that the bobbin 
roller gear was more easily seen and 
noisier. They concluded that visual and 
acoustic cues could affect the reactions 
of fishes to the gear. 

Ground gear can also indirectly af- 
fect fish catching efficiency by influenc- 
ing trawl performance. Each DWC spe- 
cies may react differently to an oncom- 
ing trawl depending on their general 
behavior and what aspect of the trawl 
is encountered. A ground gear change 
can alter the dynamics of the entire trawl 
system and the way a fish reacts to it. 
For example, the heavy ground gear of 
the WCUCS trawl put considerable 
strain on the doors, resulting in more 
extreme roll and pitch angles. Doors fell 
over with the |-bridle/heavy treatment, 
and the door spread and net width were 
narrower and more erratic. Sablefish 
show more off-bottom behavior (Adams 
et al., 1995) and they are powerful 
swimmers capable of long migrations 
(Shaw and Parks, 1997). Thornyheads, 
on the other hand, are sedentary, are fre- 
quently observed in depressions or next 
to objects, and move little unless dis- 
turbed (Wakefield, 1990; Krieger, 
1993). Sablefish could escape using any 
number of routes around the side, over 
the top, or under the ground gear. In 


* Weinberg, K. L., and P. T. Munro. The effect of 
artificial light on escapement beneath a survey 
trawl. Unpubl. manusc., 20 p. Avail. at Alaska 
Fish. Sci. Cent., 7600 Sand Point Way N.E., Se- 
attle, WA 98115. 
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Figure 13.—Results of ANOVA to test the ef- 
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contrast, by the time a thornyhead en- 
counters the ground gear of an oncom- 
ing trawl, its only portals of escape are 
straight ahead or under the ground gear, 
through the meshes, or into the trawl. 
In any case, the effects of changes on 
trawl geometry and trawl performance 
to catching efficiency will vary depend- 
ing on what aspect of the trawl the fish 
encounters and the fish’s behavior when 


the trawl is first detected (Foster et al., 
1981; Engas and Godg, 1986). 

This experiment detected few signifi- 
cant effects of the scope on trawl per- 
formance or catch rates. The opportu- 
nity for observing scope effects was lim- 
ited because we tested only two scope 
lengths at a single target depth. If a scope 
effect existed, however, a measurable dif- 
ference would be expected with the 163 


Table 6.—Catch rates (kg/km?) for selected fish species by block and by treatment. 


Heavy ground gear 
Scope 930 m 


Species 1-Bridle 2-Bridle 1-Bridle 
Dover sole 832 234 150 
618 111 867 
278 281 135 
193 160 233 
152 148 1,067 
286 163 115 
753 569 539 
001 981 2,133 
112 472 53 
187 303 381 
325 580 
680 630 015 


365 689 
257 


Sablefish 


Longspine 
thornyhead 


Shortspine 
thornyhead 


Scope 767 m 


Catch rate (kg/km*) 
Light ground gear 


Scope 930 m Scope 767 m 


2-Bridle -Bridle 2-Bridie 1-Bridle 2-Bridle 
445 910 302 1,124 211 
301 442 152 134 788 
171 60 179 110 203 
222 123 105 133 
689 193 509 607 
283 257 94 211 
712 284 446 457 
019 2,208 412 854 
10 37 49 71 
213 144 193 380 
338 330 192 409 
933 632 042 402 


485 487 451 394 
354 638 432 251 


614 961 464 907 
636 210 115 421 
111 576 496 150 
157 0 39 148 
496 070 671 197 
283 79 293 351 
491 084 465 836 
323 685 675 152 
330 005 1,230 766 
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m difference between the two scope 
lengths that we used. With the |-bridle/ 
light and the 2-bridle/heavy treatments, 
trawl performance was consistent with 
either long or short scope. Similarly, 
both scopes had equally inconsistent 
trawl performance with the 1|-bridle/ 
heavy treatment, and both scope lengths 
had poor bottom contact with the 2- 
bridle/light treatment. Scope can affect 
the upward vector of the warp tension 
on the doors, which can affect door be- 
havior and, thereby trawl performance 
(Carrothers, 1981). The short scope did 
result in significantly less door spread 
and net width, but differences were less 
than | m. Rose and Walters (1990) 
showed that inverse scope was a good 
predictor for net width but that the ef- 
fect diminished in deeper water. At 
greater depths, the inward tension 
caused by the hydrodynamic force on 
trawl warps may minimize the effects 
of changes in scope length. 

The only catch rates significantly af- 
fected by scope were those of longspine 
thornyhead number and invertebrate 
weight. The fact that the scope effect 
was significant for longspine thorny- 
head number but not weight indicates 
that smaller-sized longspine thorny- 
heads (<12 mm), which did not contrib- 
ute significantly to the total weight, 
were being captured more effectively 
with treatments having the longer scope. 
Invertebrates are not highly motile and 
have a static response to the trawl so 
there must be an active mechanism for 
herding the invertebrates into the trawl’s 
path. Turbulent wakes generated by the 
doors contain dirt and detritus off the 
sea bed and roughly follow the bridles 
to the wingtips (Carrothers, 1981; Main 
and Sangster, 1981). Longer scopes may 
have generated turbulent wakes that 
pushed sedentary invertebrates and 
small and weak-swimming longspine 
thornyhead into the path of the trawl 
resulting in higher catch rates. 

Door changes can affect capture ef- 
ficiency of a trawl (Main and Sangster, 
1979, 1981; Byrne and Forrester, 1987), 
but in this experiment the door modifi- 
cation itself showed no direct effect on 
catch rates. The NMFS Northeast Fish- 
eries Science Center did hundreds of 
paired tows and found that a change in 
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doors significantly affected catch rates 
for Atlantic cod, Gadus morhua; had- 
dock, Melanogrammus aeglefinus, and 
other species (Byrne and Forrester, 
1987). Our door modification was a 
minor change in comparison. Another 
difference was that they did not stan- 
dardize their catch data for area swept, 
so significant changes in catch rates 
could be attributable to changes in area 
swept resulting from changes in trawl 
performance. Our analysis tested the 
effects of the different door types after 
standardizing catch data for area swept 
and taking into account variation from 
other gear effects. 


Some of the obvious limitations of 


this experiment were its limited num- 
ber of tows, low statistical power, and 
restricted depth. We attempted to con- 
trol sources of variation using the ran- 
domized block experimental design 
(Bergh et al., 1990) and by ranking the 
data (Conover, 1980). The limited depth 
range of this gear experiment was an- 
other drawback because the WCUCS 
slope survey is conducted at depths 
ranging from 183 to 1,280 m, and the 
observed gear effects may vary with 
species and depth. For example, short- 
spine thornyhead, longspine thorny- 
head, and Dover sole each have a dis- 
tinct bathymetric demography (Jacob- 
son and Hunter, 1993; Jacobson and 
Vetter, 1996). Furthermore, depth de- 
pendent environmental conditions may 
affect the way each species responds to 
trawl modifications. 


Revised Survey Gear 
and Towing Protocol 

After considering the gear perfor- 
mance results, we decided that the 2- 
bridle door should be selected as a per- 
manent change to the WCUCS survey 
trawl starting in 1995. This and one 
other modification were made to the 
trawl in addition to several changes to 
towing procedures. The other change to 
the trawl was a reduction in the number 
of links in the 9 mm drop chains attach- 
ing the fishing line to the footrope from 
5 links to 2 links. Towing protocol 
changes included towing speed, tow 
duration, scope ratio, trawl warp meter- 
ing, and trawling mode of the Rapp- 
Hydema winch system. Target vessel 
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Table 7.—Catch rates (no./km?) for selected fish species by block and by treatment. 


Heavy ground gear 


Scope 930 m 


die 2-Bridle 


speed over ground was increased from 3.7 
km/h (2.0 knots) to 4.3 km/h (2.3 knots) 
with an acceptable range of +0.6 km/h. 
Speed was increased slightly to improve 


vessel steerage and to increase power 


to the doors to further improve the con- 
sistency of trawl performance. Tow du- 
ration for depths greater than 732 m was 
reduced from 60 to 30 minutes so that 
tow duration was equal for all depths. 


Catch rate (no./km?) 


5 
1 

5 
) 
4 


As mentioned in the Methods section, 
the ship’s Rapp-Hydema winch system 
was performing inconsistently and its 
warp metering and pressure adjustment/ 
balance functions were questionable. 
Scope ratios used from 1989 to 1993 
were probably variable between depths 
and survey years because the trawl warp 
metering system was unreliable and the. 
standard scope table was not strictly 


2! 





followed. A new standard scope table, 
based on empirical data from the 1994 


gear experiment, was used starting in 
1995. The new scope table most closely 


Table 8.—Results of ANOVA testing the effects of gear modifications on standardized ranked sample densities. 
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Tabie 9.—Cumulative weight for the 20 most common invertebrates caught during the 1994 west coast upper 


continental slope trawl gear experiment. 


cientific name 


Actiniaria (order) 
Allocentrotus fragilis 
Psilaster pectinatus 
Aphrocallistes vastus 


Myoxoderma platyacanthum rhomaleum 


Ophiuroidea (class) 
Octopus sp 

Neptunea amianta 
Pseudostichopus mollis 
Porifera (phylum) 
Berryteuthis magister 
Pasiphaea pacifica 
Brisaster sp 
Amphiophiura ponderosa 
Chionoecetes tanneri 
Cephalopoda (class) 
Scyphozoa (class) 
Hexactinellida (class) 
Salpida (order) 
Asteroidea (class) 


Common name 


Sea anemone unident 
Orange-pink sea urchin 
Starfish 

Clay pipe sponge 
Starfish 

Brittlestarfish unident 
Octopus unident 

Snail 

Sea cucumber 

Sponge unident 
Magistrate armhook squid 
Glass shrimp 

Heart urchin unident 
Brittiestarfish unident 
True Tanner crab 

Squid unident 

Jellyfish unident 

Glass sponge unident 
Salps unident 

Starfish unident 


Sum of weight (kg) 


608.81 
524.67 
380.20 
261.14 
147.23 
96.71 
89.99 
45.90 
43.77 
31.62 
31.25 
25.19 
17.28 
16.33 
15.42 
11.30 
10.66 
8.85 
7.13 
5.08 


resembles the original or “long” scope 
table (e.g. 900 m compared to 930 m at 
a target depth of 465 m). New survey 
protocol also required that trawl wires 
be marked at 50 m intervals and that 
wire marks be used exclusively for de- 
termining the amount of wire payed out 
during trawl operations. Rather than 
using the autotrawl function, equal 
amounts of wire were payed out on both 
sides and the winch brakes are set for 
the duration of each tow. 


Changes to the Trawl Survey 
and Time Series Continuity 


Maintaining a time series as a repre- 
sentative measure of relative abundance 
of the DWC species requires that the 
trawl survey use a consistent sampling 
gear and standardized sampling meth- 
ods. The sampling gear and methods 
used for the WCUCS trawl surveys up 
until 1993 had some inconsistencies. To 
correct them, we implemented changes 
to both the slope survey trawl and tow- 
ing protocols starting in 1995. By mak- 
ing modifications, we faced the di- 
lemma of what effect they might have 
on fish catching efficiency of the trawl, 
and ultimately, the continuity with the 
existing data time series used for assess- 
ing the stocks. We concluded from this 
experiment that catch rates for all four 
DWC species were not different be- 
tween the standard survey trawl and the 
2-bridle/heavy. However, there is no 
empirical data to determine if the revi- 
sions in addition to the 2-bridle door (as 
mentioned above) would further affect 
the way the trawl captures fish. Hence, 
one can only speculate how the collec- 
tive changes affect the trawl’s fish catch- 
ing efficiency and time series continuity. 

A primary concern is whether there 
was a shift in the measure of relative 
abundance from the trawl surveys be- 
fore and after the modifications. It is 
conceivable that the collective changes 
helped to increase the precision of sur- 
vey results without introducing a new 
bias. If such were the case, only the 
width of the error bars surrounding in- 
dices would change and the time series 
continuity would not be compromised. 
On the other hand, if a new bias was 
introduced by the additional changes, 
there would be an accompanying shift in 
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Figure 14.—Results of ANOVA to test the effects of gear modifications and their interactions on Dover sole catch rates. Catch rate 


estimates are from an ANOVA done on unranked catch rates and probability values are from an ANOVA done on ranked catch 
rates. Statistically significant effects (P < 0.05) are with uppercase letters. 
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Figure 15.—Results of ANOVA to test the effects of gear modifications and their interactions on sablefish catch rates. Catch rate 


estimates are from an ANOVA done on unranked catch rates and probability values are from an ANOVA done on ranked catch 
rates. Statistically significant effects (P < 0.05) are with uppercase letters. 
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Figure 16.—Results of ANOVA to test the effects of gear modifications and their interactions on longspine thornyhead catch 
rates. Catch rate estimates are from an ANOVA done on unranked catch rates and probability values are from an ANOVA done on 
ranked catch rates. Statistically significant effects (P < 0.05) are with uppercase letters. 
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Figure 17.—Results of ANOVA to test the effects of gear 
modifications and their interactions on shortspine 
thornyhead catch rates. Catch rate estimates are from an 
ANOVA done on unranked catch rates and probability val- 
ues are from an done on ranked catch rates. Statistically 
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the survey’s abundance indices and inclu- 
sion of the newer survey data as part of 
the existing time series would be suspect. 

Changes to trawl warp metering, 
winch control, and scope ratio corrected 
inconsistencies associated with variabil- 
ity in sampling methodology so that 
tows could be repeated in a more stan- 
dardized fashion. Results from this ex- 
periment also indicated that scope had 


little effect on catch rates except for 


longspine thornyhead numbers and in- 
vertebrate weight. These changes argu- 


ably helped to increase the precision of 


trawl catches without introducing anew 
bias. 

Changes to target tow speed, tow 
duration, and drop-chain length are all 
changes with a directional component, 
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and it is possible they could have intro- 
duced new biases into survey data 
(Carrothers, 1981; He, 1993; Walsh et 
al., 1993). Unfortunately, there are no 
experimental data or published informa- 
tion describing what direct effects these 


revisions might have on catch rates of 
the DWC species. The dynamics of 


trawl and fish behavior are complicated 
so without such data it is hard to specu- 
late if and how these revisions would 
affect catch rates. The increase in speed 
was small, and it is likely that trawling 
officers aboard the Miller Freeman 
tended toward the faster towing speeds 
prior to 1994 in order to prevent the 
trawl from collapsing and to maintain 
better vessel control. The change in tow 
duration was only for tows deeper than 


significant effects (P < 0.05) are with uppercase letters. 


732 m. The original rationale for hav- 
ing hour-long tows at greater depths was 
that it was suspected that there were 
fewer fish at depth and more time was 
necessary to get an adequate sample. 
The change in drop chain length could 
have affected catch rates by narrowing 
the escape route between the ground 
gear and footrope. Video of the slope 
trawl ground gear and comparative gear 
experiments by other researchers using 
trawl underbags indicate that more es- 
capement is occurring underneath the 
ground gear and not between the gaps 
between the ground gear and footrope. 
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The Origin of the Florida Sponge Fishery 


W. N. WITZELL 


... 1 drink no more than a sponge. 


Francis Rabelais, 1495-1553 


What has holes, and still holds water? 


— Children’s riddle 


Introduction 


Sponges were used domestically by 
Key West, Fla., pioneers soon after the 
town was settled in 1822 (Collins, 
1887). Fortunately, around 1852, it was 
discovered that Florida sponges were 
able to compete with imported sponges 
from the Mediterranean, and they soon 
became commercially successful (Moore, 
1910). These Florida-caught sponges 
were shipped to markets in New York 
and sold for domestic cleaning and per- 
sonal hygiene, as upholstery stuffing 
and packing material, and for cleaning 
military cannons. 

Sponging quickly became the most 
important fishery in Key West and, next 
to the manufacture of fine cigars, was 
the second most important industry in 
the Florida Keys (Townsend, 1900). 
Key West maintained the Florida 
sponge monopoly until 1870 when ves- 
sels began fishing along the west Florida 
coast (Rathbun, 1887). The sponge fish- 
ermen during this early period were al- 
most all Bahamian citizens of African 
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descent (Cobb, 1904), who fished 
Florida waters for both sponges and sea 
turtles and enjoyed the economic oppor- 
tunities in America that did not exist in 
the Bahamas at that time (Moore, 1910; 
Witzell, 1994). 

The traditional Florida sponge fish- 
ery flourished for years and remained 
important, both culturally and economi- 
cally, until 1905. Then the introduction 
of hard helmet diving at Tarpon Springs 
forever changed the fishery (Collins, 
1887; Rathbun, 1887; Schroeder, 1924). 
This paper describes the origin of the 
Florida sponge fishery from 1852 until 
the advent of helmet diving in 1905. 


Biology 


Thousands of sponge species are 
found throughout the world thriving in 
habitats ranging from shallow tropical 
seas to the deep polar abyss. The sizes, 
shapes, colors, and appearances of the 
various species are as diverse as their 
habitats, where they provide shelter to 
hosts of small fish, worms, shrimps, 
crabs, and mollusks. Tropical sponges 
also provide an important food source 
for hawksbill sea turtles, Eretmochelys 
imbricata, (Witzell, 1983). Live com- 
mercial Florida sponges appear like 
slimy dark brown or black lumps that 
were said to “resemble heads of decayed 


cabbage” (Ruge, 1889), and are firmly 
attached to the rocky substrate in shal- 
low coastal waters by fibrous connec- 
tive tissue. 

Sponges are primitive multicellular 
colonies that resemble strange terrestrial 
plants. There are three principal com- 
ponents of a sponge: small chambers, a 
system of canals, and a fibrous skeleton 
that makes up most of the body. The fi- 
bers are joined together in a complex 
framework that supports the soft, 
loosely connected tissues and are 
pierced by many small pores (Fig. 1). 
These pores open into chambers that are 
lined with layers of flagellated cells that 
are constantly in motion. This motion 
creates a vacuum that sucks water into 
the chambers and is expelled through 
the osculum at the top. Microscopic 


Figure |.—Section through a sponge 
showing the small chambers, canals, 
and fibrous skeleton (Galtsoff, 1969). 





particles of planktonic food and oxy- 
gen are brought in with the water and 
are ingested by the cells in the cham- 
bers. All sponges require large quanti- 
ties of water to live, and a specimen 15 
cm in diameter may pump over 375 li- 
ters/hour. 

Sponges are able to reproduce sexu- 
ally through the production of eggs and 
sperm or asexually by budding and re- 
generation. In shallow waters, sponges 
are able to restore themselves when 
damaged by violent surf and strong cur- 
rents, and a large specimen may be cut 
into pieces that will grow into individual 
sponges under proper conditions. It is 
owing to this regenerative power that 
sponges were experimentally cultivated. 

The skeleton of a good commercial 
Florida sponge is compressible, resil- 
ient, tough, and capable of absorbing 
large quantities of water. Water absorp- 
tion is determined by comparing the dry 
and wet weights. A good sponge Is ca- 
pable of holding water 25-31 times 
greater than its dry weight. There were 
apparently several Florida sponges that 
met these requirements and were com- 
mercially used in the early fishery, the 
most important species being the 
sheepswool, Hippiospongia lachne. The 
other sponges were a combination of 
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Florida Bay and Keys sponge fishing grounds. 


many unidentifiable species commonly 
called yellow, grass, velvet, and glove 


sponges. 
Sponge Fishery 


The sponge fishing grounds were 
originally described as two separate 
geographical types, covering three sepa- 
rate fishing grounds (Fig. 2): the keys 
fishery and the bay fishery (Collins, 
1887: Rathbun, 1887; Brice, 1898). The 
keys fishery extended south from Key 
Biscayne to Key West and included all 
the Florida Keys and associated reefs, 
bays. and sounds. The bay fishery is 
located in two areas: Anclote Keys to 
Cedar Keys, and north of the Cedar 
Keys to St. Mark’s in Apalachee Bay. 
The depths typically fished in this early 
fishery ranged from 2 to 15 m over cor- 
alline hard bottom or coral reefs, cov- 


ering an area of just over 3,000 square 


miles. The Florida sponge fishery was 
conducted year round, weather permit- 
ting, but the principal season was dur- 
ing the calmer summer months. The 
larger vessels from Key West made 2- 
month trips three or four times a year 
to the bay grounds, and smaller vessels 
made several 1-month trips to the keys 
grounds (Cobb, 1904). Bay boats based 
in Tarpon Springs and Apalachicola 


Key West 


averaged five trips a year, each lasting 
2 months. 

The sponge fishery vessels (Fig. 3) 
were beamy, shallow draft, center-board 
schooners and typically ranged from 5 
to 35 tons (Collins, 1887: Rathbun, 
1887). The Key West sponge fleet con- 
sisted of 86 vessels in 1879, increasing 
to 119 in 1895, and were reportedly the 
pride of Key West because they were 
trim and fast (Rathbun, 1887). The ves- 
sels built at Key West were designed to 
travel in the shallow Florida waters and 
were framed with a local red wood 
called “maderia™ and planked with yel- 
low pine. The spars were either hard 
pine, spruce. or white pine. Each ves- 
sel, depending on size, carried a num- 
ber of small 4—5 m skiffs (Fig. 4). These 
skiffs had the greatest beam and lowest 
freeboard amidships, which made it 
easier for the “hooker,” the man who 
hooked the sponges from the bottom 
with a special hooking device. 

The vessels sailed to the sponge 
grounds, and the skiffs were deployed 
at dawn. Two men were usually in each 
skiff, one sculled the skiff across the 
shallows and the hooker watched for 
sponges. In calm water the hooker could 
easily see the sponges on the bottom, 
but when the wind disturbed the surface 








Figure 3.—Typical Florida sponge vessel (Collins, 1887). 
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he would dump some nurse shark liver 
oil onto the water to smooth out the sur- 
face and improve his visibility. For 
deeper, or murky water, the hooker had 
a water tight box fitted with a glass bot- 
tom that he used for seeing underwater. 
The glass box was introduced in 1870 
and soon became extensively used 
throughout the fishery. The hooker car- 
ried a 3-7 m wooden pole with a three- 
pronged iron claw (Fig. 5) attached to 
the end. With this device, the hooker 
cautiously hooked the sponge, carefully 
detached it from the substrate, and 
brought it to the surface for the sculler 
to unhook and store in the skiff bottom. 
The dexterity with which these fisher- 
men wielded these long heavy poles to 
grapple grapefruit-sized sponges under 
several meters of water must have been 
remarkable. The sheepswool sponge 
was supposedly the most difficult to 
detach from the rocky substrate, while 
yellow sponges were the easiest to de- 
tach. When a small sponge was attached 
to a large one it was pulled off and 
thrown back in the water. It was believed 
that these sponges did not reattach, but 
rolled around on the ocean floor with 
the currents and were called “rolling 
Johns” (Rathbun, 1887). 

The hooker spent long hours on his 
knees peering through the glass box 


while his partner slowly sculled the skiff 


(Fig. 6). A large sponge was often fas- 
tened to the hooker’s chest to act as a 
cushion while he leaned on the gunwale. 
In spite of this, the long hot hours, days. 
and weeks of this awkward position of- 
ten resulted in painful injuries (Moore, 
1910). The hard labor under a scathing 

















Figure 5.—Three pronged iron 
sponge claw (Moore, 1910). 
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Figure 4. 


Florida sun, combined with the ubiqui- 
tous mosquitoes and gnats, must have 
been torturous. The fisherman’s only 
recourse was to cover up as much as 
possible and wear wide-brimmed hats. 

The sponge fishermen started work 
at dawn, returned to the vessel at noon 
to unload and have lunch, then fished 
until dark when they returned to unload 
again and have supper. The cook main- 


Typical Florida sponge skiff (Collins, 1887). 


tained the vessel in the vicinity of his 
skiff fleet, prepared the sponges on deck 
for processing, and prepared meals on 
a stove that was boxed up on deck be- 
tween the masts. The sponge fishermen 
undoubtedly took every opportunity to 
ensure a profitable trip by maximizing 
fishing effort, and they apparently 
fished sea turtle nets nearby while 
sponging (Witzell, 1994). 











Figure 6.—Florida sponge skiff with sculler at the oar and the hooker looking for 
sponges through the glass box (Cobb, 1904). 





Fresh sponges placed on the deck of 
the vessel quickly died and began to 
decompose, oozing a pungent “gurry” 
that constantly drained across the decks 
and through the scuppers. Conse- 
quently, although these vessels were 
quite handsome, their foul odoriferous 
nature undoubtedly made them unwel- 
come guests at many anchorages 
(Rathbun, 1887). Once a week, usually 
Friday evening, the vessel would stand 
inshore and unload the catch into shal- 
low enclosures called sponge “crawls” 
(Fig. 7). Here the sponges soaked while 
the previous week’s catch was beaten 
with a short wooden club called a 
“bruiser” and cleaned. The sponges were 
then strung on rope and hung on the 
vessel’s rigging to dry. A watchman was 
detailed to watch these crawls during 
the vessel’s absence to thwart thievery. 
The watchman’s lonely vigil on some 
remote key likely was filled with long 
hours of abject boredom, punctuated with 
the summer heat and biting insects. Each 
crew member was assessed $0.35 /trip to 
pay the watchman’s fee (Cobb, 1904). 

A successful sponge expedition de- 
pended on the abundance of quality 
sponges, good weather, clear water, and 
the expertise and stamina of the hook- 
ers. The sponge fishery was adversely 
affected by “poisoned waters” which 
appeared off the Florida west coast in 
1844, 1854, 1878, and 1880. This was 
described as long streaks of noxious 
discolored water that drifted lengthwise 
with the tide killing fish and sponges 
(Collins, 1887; Rathbun, 1887). Initial 
theories suggested that this was either 
swamp water from the mainland or due 
to volcanic gas, but today it sounds sus- 
piciously like red tide. Additionally, 
natural and man-made disasters made 
the expeditions challenging, such as the 
September 1897 hurricane which sank 
many Key West sponge boats or the 
prowling Spanish warships that forced 
the fleet to land their catches at Tarpon 
Springs (Cobb, 1904). 

The vessels landed their catch at Key 
West (Fig. 8) and sorted the sponges 
into piles according to size and grade. 
The dealers would then assemble on the 
wharf to examine the various lots and 
then submit a written bid to the vessel 
owner, who sold them to the highest 
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Figure 7. 


Sponge crawls and sponge fleet at Anclote Keys (Cobb, 1904). 














Figure 8.—Landing sponges for auction at Key West (Cobb, 1904). 


bidder (Fig. 9, 10). Since the vessel own- 
ers furnished the complete outfit, includ- 


ing provisions, they were entitled to half 


of the gross profits. The rest was divided 
equally among the crew, with the captain 
and cook receiving an extra bonus. 

The auction winner hauled the 
sponges off in a cart to a large airy ware- 
house where they were cleaned, trimmed, 
and thoroughly dried (Fig. 11, 12, 13). 
They were then graded and packed into 
bundles for shipment to New York, 


Philadelphia, and St. Louis. Unfortu- 
nately, several dealers became greedy 
and were accused of unethical practices 
that were secretly conducted behind 
closed warehouse doors. These con- 
sisted of “liming” and “sanding.” Lim- 
ing was a bleaching process which con- 
sisted of soaking the sponges in a solu- 
tion of lime and seawater to improve 
their appearance in the marketplace. 
Although this was a good marketing 
strategy, the process injured the struc- 
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Table 1.—Reported Florida sponge landings and value. 


Weight 
Year kg) 


Value 
($U.S.) 


1904 144,880 
1903 171,422 
190 157,349 
1901 179,426 
1900 189,661 
1899 138,075 
1897 150,389 
1896 107,190 
1895 138,856 
1890 166,367 
1889 143,591 


376,185.00 
447,346.00 
344,422.00 
492,740.00 
567,685.00 
367,914.00 
286,040.00 
273,012.00 
386,871.00 
438,682.00 
381,087.00 


tural integrity of the sponge and they 
quickly fell apart when used. Sanding 
was a fraudulent practice that involved 
soaking sponges in a saturated solution 
of seawater and fine sand in order to 
increase the weight of the sponge bales 
to be sold in the northeast. Sanding 
could increase the weight, and subse- 
quent value, of a bale from 25% to even 
100%. Needless to say, both of these 
illegal acts were eventually exposed and 
discontinued (Rathbun, 1887). Dealers 


also had a tendency to fill the center of 


the processed sponge bales with infe- 
rior grade sponges that could not have 
been sold otherwise. 


Decline of the Sponge Fishery 


The Florida sponge fishery increased 
steadily from its inception and quickly 
became the dominant fishery in Key 
West (Table |). Florida sponges were 
also exported to overseas markets as 
early as 1870 (Stevenson, 1896). How- 
ever, by 1887 there were fears of over- 
fishing, and experiments were success- 
fully conducted involving artificially 
propagating sponges from cuttings 
(Collins, 1887; Rathbun, 1887; Brice, 
1898). A small cutting, properly at- 
tached to the bottom in a suitable habi- 
tat, would supposedly produce a mar- 
ketable-sized sponge in a year. Although 
there seemed to be much interest and 
limited success in propagating sponges, 
no commercial enterprise was ever for- 
mally initiated and the fishermen slowly 


moved into deeper water in search of 


new grounds. Sponging was so intense 
that in 1899 the surplus catch of excep- 
tionally large sheepswool sponges were 
sold to the U.S. and British armies and 
navies for cleaning guns (Smith, 1901). 

The fishery seemed to have plateaued 
near the turn of the century, as supplies 
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Figure 9.—Silent sponge auction at Key West (Cobb, 1904). 














Figure 10. 


could not meet demand, and Florida 
enacted legislation that prohibited div- 
ing for sponges or taking sponges less 
than 4 inches in diameter, protected pro- 
spective sponge cultivators, and placed 
a $25 fee for non-U.S. citizen sponge 
fisiiermen (Brice, 1898). In spite of this 
legislation to protect the fishery, Smith 
(1898) felt that the inshore sponge 


-Silent sponge auction 


at Anclote Keys (Cobb, 1904). 


grounds were heavily overfished. For- 
tunately, the introduction of Mediterra- 
nean hard-hat diving in 1905 at Tarpon 
Springs opened deeper sponge beds 
unavailable to hooking, and the Florida 
sponge fishery flourished until the 
sponge blight in 1939. 

Florida’s sponge fishery never fully 
recovered from the 1939 sponge blight 
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Figure 12. 
1904). 


before the introduction of artificial 
sponges in the 1950’s which affected the 
sponge market. Today, some Florida sea 
sponges are still harvested by hook and 
sold to specialty bath shops, tourists, 
and to home improvement centers as 
paint applicators. 
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First Record of the Ragged-tooth 
Shark, Odontaspis ferox, off the U.S. Atlantic Coast 


Introduction 


On 11 September 1994, a large shark 
was captured and later identified as the 
ragged-tooth shark, Odontaspis ferox 
(Risso). The shark was captured during 
routine bottom trawl survey operations 
onboard the NOAA R/V Albatross 1V, 
approximately 25 n.mi. south-southeast 
of Cape Hatteras, N.C. (lat. 34° 51 N, 
long. 75° 26' W) with a “36 Yankee” 
bottom trawl towed at 3.5 knots. Aver- 
age water depth at the time of capture 
3 m, bottom temperature was 
17.8°C, and salinity was 36.41%c. To- 
tal length (cm), fork length (cm), weight 


was 17 


(kg), and sex were recorded, the speci- 
men was tagged, photographed, and re- 
turned live to the sea. 

The shark, a female measuring 340 
cm total length (273 cm fork length) 
was estimated to weigh about 250 kg 
Its coloration was a uniform dark gray, 
dorsally fading to light gray ventrally, 
and lacked distinguishing coloration on 
any of the fins. The upper mouth cavity 
was darker than the rest of the mouth. 
The large jaw, protruding teeth, large 
eyes, and bulbous snout were 


also 


prominent characteristics. 
identification 


Phe specimen was tentatively identi- 
fied as a ragged-tooth shark based on 
the presence of teeth mostly with two 
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or three cusplets on each side of cusp, 
unique to this species (Compagno, 
1984). Odontaspids are also character- 
ized by lanceolate teeth and the lack ot 
nictitating lower eyelids, which differ- 
entiates them trom similar families such 
as the scyliorhinids (cat sharks) and 
carcharhinids (requiem sharks) (Bass et 
al., 1975). The presence of the long, 
bulbous snout, a symphyseal tooth row, 
two rows of large upper anterior teeth 
on each side of the symphysis, the un- 
equal size of first and second dorsal fins, 
and the first dorsal fin being located 
closer to the pectoral bases than the 
pelvic bases provided further contfirma- 
tion that the shark belonged to the ge- 
nus Odontaspis, as opposed to Car- 
charias (Compagno, 1984) 

Three rows of small intermediate 
teeth between the upper anterior and 
lateral tooth rows also indicated that the 
shark was O. ferox (Bigelow and 
Schroeder, 1948). The origin of the sec- 
ond dorsal fin, slightly posterior to the 
insertion of the pelvic fins, separated 
this specimen from the bigeye sandtiger 
shark, O. noronhai. 

Distinguishing features of this speci- 
men agreed well with previous descrip- 
tions of O. ferox. Daugherty (1964) de- 
scribed the species as possessing a 
prominent belly; however, it was more 
closely akin to W hitley’s (1950) de- 
scription of “the paunch rotund, ‘like a 
cow’s belly.” Daugherty (1964) also 
noted that the roof of her specimens’ 
mouths were a dusky color, as was the 
case with this specimen. The presence 
of a deep precaudal pit (Desbrosses, 


1930: Abe et al., 1968; D’ Aubrey. 1969: 
sass et al., 1975: Eschmeyer et al... 
1983; Compagno, 1984) and short la 
bial furrows (Whitley, 1950; Maul, 
1955: Garrick, 1974) also agreed with 
previous descriptions. 

The uniform dark gray coloration ot 
the shark has confounded its identifi 
cation in the past with O. herbsti, which 
was described as a separate species by 
Whitley (1950) and supported by 
Garrick (1974) 


due largely to differences in coloration 


and Bass et al. (1975) 
among previously described specimens 
For example, Mediterranean specimens 
“dull 
(‘obscure’) red with scattered, irregu- 
lar, large, black marks on the back and 
sides, and reddish gray on the throat and 


of O. ferox were described to be 


the underside” (Risso and others, cited 
by Garrick, 1974). According to Com- 
pagno (1984) and Robins et al. (1980) 
this discrepancy in coloration ts attrib- 
uted to individual variation and the two 
forms are presently regarded as one spe 
cies, O. ferox. Compagno (1984) also 
notes that the presence or absence of 
spots is variable in the closely related 
sandtiger shark, Carcharias taurus 
The ragged-tooth shark has been de 
scribed as a rare (Desbrosses, 1930: 
Eschmeyer et al., 1983) inhabitant of 
deepish water (Compagno, 1984) with 
a wide-ranging distribution throughout 
the northeast Atlantic (Maul, 
Gulf of Mexico (Bontil, 1995), West 
Indian (D° Aubrey, 1969; Bass et al., 
1975; Gubanov, 1985), western Pacific 
(Whitley, 1950; Abe et al., 1968; 
Garrick, 1974) and the eastern Pacific 


1955), 





oceans (Daugherty, 1964; Seigel and 
Compagno, 1986). The capture of this 
specimen extends its range into the 
northwestern Atlantic and confirms O. 
ferox to be a tropical-cool temperate 
water species occurring worldwide. 

This capture of Odontaspis ferox is 
the first record of its occurrence in At- 
lantic waters off the eastern U.S. coast. 
However, since this species lives out of 
the range of most commercial and sci- 
entific fishing operations, it is only 
when an occasional individual comes 
onto the continental shelf that there is 
an opportunity for its capture (Garrick, 
1974; Branstetter and McEachran, 
1986). Therefore, this shark is probably 
more common throughout the world’s 
oceans than the few recorded catches 
would indicate (Daugherty, 1964; 
Branstetter and McEachran, 1986; 
Bonfil, 1995). 
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Blue Crab, Callinectes sapidus, 
Retention Rates in Different Trap Meshes 


Introduction 


In recent years, 38.1 mm (1.5 in) 
square mesh traps have begun to replace 
the traditional 38.1 mm hexagonal mesh 
traps in the Louisiana blue crab, 
Callinectes sapidus, fishery and have 
spread to other Gulf coastal states. 
Commercial fishermen prefer square 
mesh traps because they are sturdier and 
longer lasting than hexagonal mesh 
traps. However, 38.1 mm square mesh 
traps retain significantly higher num- 
bers of sublegal (<127 mm carapace 
width (CW)) blue crabs than hexago- 
nal mesh traps (Guillory and Hein, 
1998a; Guillory and Prejean, 1997) 

Research to develop more size selec- 
tive traps with escape rings or mesh size 
selection has been conducted since the 
late 1970’s (Eldridge et al., 1979; 
Guillory, 1989; Casey and Daugherty, 
1990; Casey and Doctor, 1996; Guillory 
and Merrell, 1993; Guillory and Prejean, 
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ABSTRACT—Percent escapements of 
blue crabs, Callinectes sapidus, by size and 
sex were determined for commercially avail- 
able 38.1 mm square and hexagonal meshes 
and for five experimental squares. Commer- 
cial trap mesh sizes retained excessive num- 
bers of sublegal blue crabs. Based on the 
criteria of maximizing sublegal crab es- 
capement without an unacceptable loss of 
legal blue crabs, the 44.4 mm square (as 
measured from the inside of adjacent cor- 
ners) was optimum and superior to either 
trap mesh used by fishermen. 
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1977; Guillory and Hein, 1998a, b). 
While escape vents may significantly 
reduce sublegal catch, the actual per- 
centage of retained sublegal blue crabs 
may still exceed the 10% allowable tol- 
erance limit in Louisiana when high 
densities of sublegal crabs are present. 
Blue crabs capable of egress through 
escape vents may be retained in traps 
because an escape vent may not have 
been encountered. Guillory and Prejean 
(1997) showed that 38.1 mm square 
mesh traps retained excessive numbers 
of sublegal crabs, but the next larger size 
(50.8 mm or 2 in) mesh traps allowed 
an unacceptable loss of small legal 
crabs. Optimum mesh size selection 
could supplement, or even replace, es- 
cape vents. 

The study was undertaken to obtain 
data on size selectivity of currently uti- 
lized mesh sizes and to determine the 
optimum square mesh size. In this pa- 
per theoretical percent retention of blue 
crabs by size group for commercially 
available 38.1 mm hexagonal mesh and 
square mesh and for five different 
squares are compared. 


Materials and Methods 


Blue crabs were collected from June 
through August 1996 in Lafourche and 
Terrebonne Parishes, Louisiana, from 
different habitat types and salinity re- 
gimes. Ovigerous females and individu- 
als with damaged lateral spines were 
excluded. Each blue crab was sexed, 
carapace width (CW) and body width 
(BW) was measured to the nearest mm 
with a dial caliper, and each was manu- 


ally inserted sideways through each of 
the five experimental squares and 
through the commercial hexagonal and 
38.1 mm square mesh trap wire to de- 
termine whether each individual was 
capable of passage. Blue crabs exit side- 
ways through openings (Guillory and 
Merrell, 1993), and decapods orient 
themselves such that the smallest open- 
ing an animal can be pushed through 
by hand is also the smallest opening it 
may pass through unaided (Stasko, 
1975). 

The five experimental squares were 
in 3.2 mm (0.125 in) increments as 
measured on the inside of adjacent cor- 
ners: 34.9 mm (1.375 in), 38.1 mm, 41.3 
mm (1.625 in), 44.4 mm (1.75 in), and 
47.5 mm (1.87 in). Based upon a field 
evaluation of different trap mesh types, 
Guillory and Prejean (1997) concluded 
that the optimum square mesh size 
would be between 38.1 and 50.8 mm, 
although there is no trap wire available 
within that size range. The reported di- 
mensions of the commercially available 
38.1 and 50.8 mm square trap meshes 
are misleading because they are mea- 
sured from the inside of one corner to 
the outside of an adjacent corner. The 
effective size from a retention stand- 
point is therefore substantially less; the 
mean inside dimensions of the 38.1 and 
50.8 mm square meshes averaged 35.6 
and 46.6 mm, respectively. Since the sex 
ratio of blue crabs varies with season 
and salinity regime, numbers of male 
and female crabs were assumed equal 
in calculating the overall retention 
curves. 





Results and Discussion 


Phere were pronounced differences 
in percent retention of blue crabs by 5 
mm CW size group between the hex 
agonal and 38.1 mm square mesh trap 


wire (Fig. 1). The greater retention of 
sublegal blue crabs with square mesh 


than in the hexagonal mesh was evi 
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with hexagonal mesh. Results from sey 
eral field evaluations (Guillory and 


Hein, 


1997) have verified that 38.1 mm square 


1998a: Guillory and Prejean, 
mesh traps retain significantly highes 
numbers of sublegal (<127 mm cara 
pace width, CW) blue crabs than hex 
agonal mesh traps. Unvented hexago 
nal mesh traps. however, may sull have 
sublegal catches of over 50% (¢ suillory 
and Merrell, 1993) 

Retention curves for the five experi 
mental squares are plotted in Figure 2 
The 41 


tained very high numbers of sublegal 


3mm and smaller squares re- 


blue crabs, while the 47.5 mm square 
allowed an unacceptable loss (69% ) of 
legal (127-131 mm CW) blue 
crabs. Based on the criteria of maximiz 
ing escapement of sublegal blue crabs 
and retention of legal blue crabs. the 
44.4 mm square was superior. The 44.4 
mm square had relatively low retention 
rates of sublegal blue crabs but high 
retention rates of legal blue crabs—52% 
and 89% of 117-121 mm CW and 122 
126 mm CW blue crabs, respectively, 
and 95% and 100% of 127-131 mm 
CW and >131 mm CW blue crabs, re- 
spectively. Other data on trap selectiv 
ity supports this conclusion. Commer- 
cially available 38.1 mm square mesh 
traps retain excessive numbers ot 
sublegal crabs while 50.8 mm square 
mesh traps have an unacceptable loss 
of legal crabs (Guillory and Prejean, 
1997; Guillory and Hein, 1998a). 
Sex-related differences in retention 
rates are illustrated with the 44.4 mm 
square (Fig. 
males were higher than females of com- 
parable size groups. For example, 100% 
of males but only 17% of females were 
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Figure 2 
five experimental squares 


retained in the 122-126 mm CW size 
group. The decreased retention of fe- 
male blue crabs is due to their smaller 
carapace length than males of comparable 
carapace width (Guillory and Hein'). 


Guillory, V., and S. Hein. 1997. Lateral spine 
variability and weight-size and carapace width 
size regressions in blue crab (Callinectes 
sapidus). Unpubl. manuser. on file at La. Dep 
Wildl. Fish., P.O. Box 189, Bourg, LA 70343. 


Percent retention of blue crabs by 5 mm carapace width size group in 


Management Implications 


The retention curves generated in this 
study do have important implications 
concerning gear management: |) the 
mesh sizes currently used in the fishery 
are very inefficient with respect to es- 
capement of sublegal blue crabs, 2) the 
most effective square mesh size is 44.4 
mm, and, 3) a44.4 mm square mesh trap 
would be superior to commercially 
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available trap meshes. The potential 
adverse effects of both capture and har- 
vest of sublegal blue crabs in traps 
(McKenna and Camp, 1992; Murphy 
and Kruse, 1995; Guillory, 1995; 
Guillory and Hein, 1998b) and the high 
retention of sublegal blue crabs in com- 
mercial traps, especially the 38.1 mm 
square mesh traps (Guillory and Hein, 
1998a; Guillory and Prejean, 1997; and 
this study), provides justification for 
gear management measures to reduce 


sublegal catch. 
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Effect of a Terrapin Excluder Device on 
Blue Crab, Callinectes sapidus, Trap Catches 


Introduction 


Bycatch considerations (perceived 
waste, mortality of rare or protected 
species, and inefficient use of available 
resources) have captured the atttention 
and scrutiny of interest groups and the 
public in recent years (Murawski, 
1996). The incidental catch of diamond- 
back terrapins, Malaclemys terrapin, in 
blue crab, Callinectes sapidus, traps has 
become an issue along both the Atlan- 
tic coast and Gulf of Mexico. The dia- 
mondback terrapin ranges from Cape 
Cod, Mass., to Texas and exclusively 
inhabits brackish habitats (Ernest and 
Barbour, 1972). Two of the seven sub- 
species of the diamondback terrapin are 
currently Category 2 candidates for list- 
ing under the Endangered Species Act 
(Seigel and Gibbons, 1995). Wood!” 
and Seigel and Gibbons (1995) con- 
cluded that a major threat to diamond- 
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ABSTRACT—Mortality of diamondback 
terrapins, Malaclemys terrapin, in blue 
crab, Callinectes sapidus, traps has become 
a controversial bycatch issue in some ar- 
eas. Traps with turtle excluder devices 
(TED's) had increased sublegal (14.5%), 
legal (32.9%), and total (25.7%) blue crab 
catch per trap day (CPUE). There were sta- 
tistically significant differences between 
total (P=0.0202) and legal (0.0174) CPUE 
for standard traps and traps with TED’s. 
The increased catch rates of blue crabs in 
traps with TED’s may be due to decreased 
escapement through the entrance funnel. 
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back terrapins appears to be incidental 
drowning in blue crab traps. Mann 
(1995) suggested that diamondback ter- 
rapins in Mississippi were most com- 
mon in areas with relatively few blue 
crab traps. 

A turtle excluder device (TED) was 
developed by Wood!'* to reduce inci- 
dental capture of diamondback terrapins 
in blue crab traps. Subsequently, Seige] 
and Gibbons (1995) and Mann (1995) 
recommended the use of TED’s in blue 
crab traps because of diamondback ter- 
rapin mortality. Research was under- 
taken to evaluate the effects of TED’s 


on blue crab catches. The objective of 


this report is to compare blue crab catch 
rates in traps with standard funnels and 
funnels equipped with a TED. 


Methods 


The study was conducted in three lo- 
cations in the Terrebonne/Timbalier Bay 
estuary, Lafourche and Terrebonne Par- 
ishes in south-central Louisiana: Bay 
Blanc (high salinity, lower estuary bay); 
Bayou Blue (low salinity, upper estu- 
ary bayou); and Pointe au Chien Wild- 
life Management Area (low salinity, 
upper estuary canal). 


' Wood, R. C. 1992. Diamondback terrapin 
(Malaclemys terrapin) field investigations on the 
Cape May peninsula (summer, 1992). Unpubl. 
manuscer. on file at The Wetlands Institute, 1075 
Stone Harbor Boulevard, Stone Harbor, NJ 08247. 
> Wood, R. C. 1994. Diamondback terrapin 
(Malaclemys terrapin) field investigations on the 
Cape May peninsula (summer, 1993). Unpubl. 
manuscr. on file at The Wetlands Institute, 1075 
Stone Harbor Boulevard, Stone Harbor, NJ 08247. 


Traps were 60.9 cm (24 in) in width 
and depth and 36.8 cm (14.5 in) in 
height and were constructed of black 
vinyl-coated 3.8 cm (1.5 in) square 
mesh wire. Each trap had three entrance 
funnels with the inner or bait chamber 
occupying approximately half of the 
trap floor. The 5 x 10 cm rectangular 
TED was constructed of stainless steel 
wire and attached with crab trap rings 
(short side on the vertical) to the inner 
opening of each entrance funnel. The 5 
x 10cm TED physically excludes most 
diamondback terrapins (Wood!'-*). 

Five replicates of each funnel type 
were baited with equal portions of fish 
and alternated by trap type when placed 
in the water. Traps were hauled approxi- 
mately 24 hours after baiting. All blue 
crabs were measured in 10 mm CW size 
groups with reference to the minimum 
legal commercial size of 127 mm CW. 
The number of sampling runs (i.e. all 
traps fished for 24 hours) and inclusive 
dates by area were: six runs in Bayou 
Blue, |—15 Sept. 1995; eight runs in Bay 
Blanc, 12 Oct.- 6 Nov. 1995; 15 runs 
in the Pointe au Chien Wildlife Manage- 
ment Area 9 May—28 June 1996. A total 
of 4,145 blue crabs were collected. 

The General Linear Models Proce- 
dure (SAS, 1988) was used to determine 
if there were significant differences be- 
tween trap types for mean catch per trap 
day for number of sublegal, legal, and 
total crabs. 


Results and Discussion 


Catch (number) per trap day (CPUE) 
of blue crabs by area by trap type are 
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tabulated in Table |. Overall sublegal, 
legal, and total CPUE in traps with 
TED’s was 14.5%, 37.9%, and 25.7% 
greater, respectively, than in standard 
traps. There were significant differences 
in total CPUE (P=0.0202) and legal 
CPUE (P=0.0174) between trap types. 
Wood! found a 5—10% increase in blue 
crab catches in traps with TED’s while 
Mazzarella* and Cuevas et. al.* found 
no overall significant increase in legal 
catch. 

The Pointe au Chien location was the 
only site with a significantly greater 
total CPUE (P=0.0031) and legal CPUE 
(P=0.0015) in traps with TED’s than in 
standard traps. Total CPUE also was 
significantly greater (P=0.0001) at the 
Pointe au Chien location than at the 
other two sites. 

The increased CPUE of both sublegal 
and legal crabs in traps with TED’s was 
apparently due to increased ingress and/ 
or reduced egress of crabs through the 
entrance funnels. Research has docu- 
mented that the inside dimensions 
(Koike and Ogura, 1977; Koike and 
Ishidoya, 1978; Boutillier, 1985), height 
above the floor (Isaacson, 1962; Yamane 
and Itaka, 1987; Yamane et al., 1987), 
and design (Thomas, 1959) of the en- 


*Mazzarelia, A. D. Undated. Test of a turtle ex 
cluder device in commercial crab pots. Unpubl 
manuscr. on file at N.J. Dep. Environ. Prot 
Agency, P.O. Box 418, Port Republic, NJ 08241 
* Cuevas, K. J.. M. V. Buchanan, W. S. Perret. 
and J. Warren. 1998. A preliminary study of blue 
crab catch in crab traps fitted with a diamond 
back terrapin excluder device. Unpubl. manusct 
on file at Miss. Dep. Nat. Resour., 1411 Bayview 
Ave., Suite 101, Biloxi, MS 39530. 


Table 1.—Catch (number) per trap day and standard 
deviation (in parenthesis) by location and overall for 
standard traps and traps with turtle exciuder devices 
(TED's). 


Catch and (S.D.) 


Location Sublegal Legal 

Bay Blanc 
Standard 3.48 (2.75) 
TED's 3.75 (2.10) 

Pointe au Chien 
Standard 
TED's 

Bayou Biue 
Standard 
TED's 

Overall 
Standard 5.52 (5.15) 5 
TED's 6.32 (4.88) 7 


2.26 (1.48) 


2.61 (1.79) 


(2.85) 
(2.61) 


8.50 (5.40) 
9.80 (4.60) 


7.89 (5.79) 
11.07 (7.36) 


16.39 (10.09) 
20.86 (10.38) 


2.35 (2.57) 
4.16 (3.17) 


(2.96) 
(3.87) 


9 (5.13) 


0 10.61 (9.42) 
02 (6.68) 


13.34 (10.49) 
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trance funnel influences ingress or 
egress of various decapods. Egress of 
blue crabs through the entrance funnels 
has been alluded to on several occa- 
sions. Guillory (1998) showed that 38. | 
mm square mesh physically retains an 
extremely high percentage of sublegal 
blue crabs from 92 to 127 mm and sug- 
gested that blue crab escapment occurs 
through the entrance funnels. Approxi- 
mately half of blue crabs captured in 
ghost traps escaped through the en- 
trance funnels (Guillory, 1993). 

No diamondback terrapins were 
caught during this study or other recent 
trap studies (Guillory, 1989, 1993; 
Arcement and Guillory, 1993; Guillory 
and Merrell, 1993; Guillory and Pre- 
jean, 1997; Guillory and Hein, 1998a; 
Prejean and Guillory, 1998) in the 
Terrebonne/Timbalier estuary. How- 
ever, we assume that TED’s will reduce 
diamondback terrapin catches in crab 
traps in Louisiana esiuaries as docu- 
mented in other studies; Mazzarella* 
found a 92.5% reduction in diamond- 
back catch rates in crab traps with 
TED’s while Wood? collected 25 dia- 
mondback terrapins in standard traps 
and none in traps with TED’s. The mor- 
tality rate of diamondback terrapins in 
crab traps was estimated as quite high 
(Seigel and Gibbons, 1995), 10% by 
Bishop (1983), and 10-50% by Wood. ' 
TED’s would also reduce diamondback 
terrapin mortality in ghost traps (i.e. 
traps lost accidentally or abandoned by 
fishermen), which may be more detri- 
mental than mortalities in actively 
fished traps (Bishop, 1983). High num- 
bers of dead diamondback terrapins 
have been documented in individual 
ghost traps: 28 (Bishop, 1983) and 12 
(personal observ. of a trap from the 
Terrebonne Bay estuary, spring 1994). 


An important ancillary benefit of 


TED’s would be a probable reduction 
in rate of ingress of other vertebrate 
bycatch in both the active and ghost 
fishing modes. Miller (1996) indicated 
that a rectangular entrance funnel would 
allow ingress of crabs but exclude fish 
and other species. Guillory (1993) ob- 
served 11 different fish species in blue 
crab ghost traps. Mammals such as the 
river otter, Lutra canadensis, have also 
been found in blue crab traps. 


In conclusion, TED’s in blue crab 
traps do not reduce and may increase 
catch of legal blue crabs, they have been 
documented to reduce the catch of dia- 
mondback terrapins, and they probably 


reduce fish and aquatic mammal catch 
in both the active and ghost fishing 
modes. The increased CPUE of sublegal 
blue crabs in traps with TED’s could 
easily be rectified with the addition of 
escape vents (Guillory 1989; Guillory 
and Merrell, 1993; Guillory and Hein, 
1998a, b) 
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spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have 1'2-inch margins on all 
sides. Running heads are not used. An 
“Acknowledgments” section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 


Editorial Guidelines for 


double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, the Marine Fisheries Review fol- 
lows the “U.S. Government Printing Office 
Style Manual.” Fish names follow the 
American Fisheries Society’s Special Pub- 
lication No. 12, “A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” fourth edition, 1980. 
The “Merriam-Webster Third New Interna- 
tional Dictionary” is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (un- 
derscored). Dates should be written as 3 
November 1976. In text, literature is cited as 
Lynn and Reid (1968) or as (Lynn and Reid, 
1968). Common abbreviations and symbols 
such as mm, m, g, ml, mg, and °C (without 
periods) may be used with numerals. Mea- 
surements are preferred in metric units; 
other equivalent units (i.e., fathoms, °F) 
may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Cited 


Title the list of references “Literature 
Cited” and include only published works or 
those actually in press. Citations must con- 
tain the complete title of the work, inclusive 
pagination, full journal title, and the year, 
month, volume, and issue numbers of the 
publication. Unpublished reports or manu- 
scripts and personal communications must 
be footnoted. Include the title, author, pagi- 
nation of the manuscript or report, and the 
address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator 


Citations should be double-spaced and 
listed alphabetically by the senior author’s 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1969a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its 
accuracy. 


Figures 


All figures should be clearly identified 
with the author's name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8 x 
10 inches, sharply focused glossies of strong 
contrast. Potential cover photos are wel- 
come, but their return cannot be guaranteed. 
Magnification listed for photomicrographs 
must match the figure submitted (a scale bar 
may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and 
appearance before submission. Mail the 
manuscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 7600 Sand Point Way 
N.E., Bin C15700, Seattle, WA 98115 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 50 
free copies are supplied to his organization 
Cost estimates for additional reprints can be 
supplied upon request. 
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